Tobacco smoking increases the risk of sudden cardiac death, possibly by altering the substrate for propagation or sustainment of ventricular tachyarrhythmias. To test this hypothesis, 15 long-term smokers without known coronary artery disease abstained from tobacco smoking for 12 h, after which they underwent SAECG before, 15 min after and 30 min after smoking two cigarettes. Other than minor lengthening of filtered QRS duration, no significant change in time-domain SAECG parameters was noted. We con clude that late potentials are not produced by cigarette smoking and that ventricular arrhythmia substrate as measured by SAECG variables is not worsened in longterm smokers without evidence of coronary artery disease. (Chest 1991; 99:121-22) SAECG = signal-averaged electrocardiogram; RMS = root mean square; LAS = low-amplitude signals 'T'obacco smoking is a well recognized risk factor for -^-the development of coronary artery disease and sudden cardiac death.1-2 The exact mechanism by which tobacco increases the risk of sudden cardiac death is uncertain. It previously has been demon strated that smoking does not increase the incidence of spontaneous or induced ventricular arrhythmias.3"5 However, the possibility exists that tobacco may alter the depolarization substrate of the ventricles, increas ing the potential for sustained tachyarrhythmias. The purpose of our study was to examine the effects of tobacco smoking on time domain SAECG variables.
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METHODS

Patients
Fifteen patients (five men and ten women between the ages of 23 and 57 years; mean age, 36 years) were recruited for this study. These persons were long-term users of tobacco, having smoked 1.2Â±0.5 packages of cigarettes for a period of 15.7Â±8.9 years. The patients abstained from cigarette use for 12 h before the study. These patients had no history or symptoms of heart disease and were taking no antiarrhythmic or anti-ischemic medications. The protocol was approved by the University Human Studies Commit tee. Informed signed consent was obtained from all patients.
Protocol
Patients underwent SAECG using the Corazonix "Predictor."
After the initial study, the patients were instructed to smoke two of their usual cigarettes in rapid succession. Fifteen and 30 min after the last cigarette was smoked the SAECG was repeated. A 12-lead ECG and serum nicotine level were obtained at the time of the initial pre-smoking SAECG. A second serum nicotine level was obtained for each patient 30 min after the last cigarette was smoked. Nicotine levels were assayed using the capillary gas chromatography technique of National Medical Services, Inc (Willow Grove, PA) with a nitrogen phosphorous detector. 
Signal-Averaged Electrocardiography
The SAECGs were obtained from standard orthogonal X, Y and Z leads, using silver-silver chloride electrodes. The QRS signal was amplified over a bandwidth of 0.05 to 300 Hz with a gain of 1,000, 2,000 or 4,000 to maximize amplitude while not saturating the analog-digital converter. Sampling frequency was 2,000 Hz and analog-digital conversion was done with 16-bit resolution. An operator-positioned template window of 25 ms was used to accept QRS complexes with a correlation coefficient of 0.99. The QRS onset and offset were defined by computer algorithm which determined the points at which voltage exceeded the mean of the baseline plus three times the standard deviation. Noise was defined as the RMS voltage in a 25-ms interval in the midpoint of the isoelectric T-P segment. One hundred fifty to 300 beats per study were obtained with the Corazonix "Predictor" to achieve a final 
RESULTS
One patients baseline 12-lead ECG demonstrated a short P-R interval consistent with a preexcitation syndrome but a normal QRS complex. This patient had no history of palpitations, syncope or other cardiac disease. The other 14 patients' ECGs were normal with no evidence of any type of intraventricular conduction delay. The patients' SAECG parameters are shown in Table 1 . The only significant change in post-smoking parameters when compared to presmoking parameters was the filtered QRS when meas ured at 30 min after smoking was completed. Although by the fact that nicotine levels increased from a pre-smoking value of 6.3 to 18.5 ng/ ml 30 min after smoking (p<0.001). The initial value is consistent with previously reported morning presmoking values in chronic smokers after an overnight tobacco fast.5'7 No patient demonstrated symptomatic or electrocardiographic evidence of ventricular ectopic activity during the course of the study.
DISCUSSION
Impact of Tobacco Smoking
Tobacco smoking is well recognized as a risk factor for sudden cardiac death as well as other manifesta tions of coronary artery disease.'-2'8 Tobacco smoking appears to have an independent impact on sudden death occurrence over and above its contribution to the development of coronary artery disease.2 Many physiologic sequelae of tobacco smoking may contrib ute to sudden death occurrence by enhancement of ventricular arrhythmogenesis.
Cigarette smoking en hances platelet activation, increases sympathetic dis charge and in experimental animals has been shown to lower ventricular fibrillation threshold and to be arrhythmogenic.7-9"12 In one study ventricular fibrilla tion threshold was lower in normal animals as well as those who had suffered experimental infarction.12
However, studies in humans have demonstrated nei ther an increase in the frequency or severity of ventricular arrhythmias after cigarette smoking nor increased inducibility of ventricular arrhythmias at the time of electrophysiologic study.3-5 However, the potential exists that while ventricular ectopy per se is not enhanced by the constituents of tobacco smoke, the substrate for the propagation and continuation of ventricular arrhythmias may be altered by smoking. Our study was designed to see whether the substrate for sustained ventricular arrhythmias is altered by smoking when studied by evaluation of the time domain SAECG variables. Other than a very minor lengthening of the filtered QRS duration at 30 min after smoking, no significant alteration in SAECG variables was noted. Our data suggest that it is unlikely that smoking per se changes the ventricular arrhythmia substrate as measured by time domain SAECG anal ysis in patients without a known history of coronary artery disease.
Limitations
Sudden death due to ventricular arrhythmias in patients with demonstrated coronary artery disease may be associated with increased ventricular ectopic activity which occurs during periods of transient ischemia. It has been demonstrated that smoking may induce ischemia, often silent, in patients with known coronary artery disease.s-13 It is possible that smoking in patients with known coronary artery disease pro duces ischemia and hence contributes to sudden cardiac death in this fashion, perhaps augmented by the increased sympathetic discharge associated with tobacco smoke inhalation.
